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Abstract LTCC MCMs for RF and wireies, system often use tneta, filied sia bo.es to improve .so.at.on between tbe strip, ine and 
microstrip interconnect. In this paper, resu.ts from a 3D-FEM eiectromaguetic character.,^ of microstrip and strip, ine 

'nterconnects with metal filled via fences for isolation are presented. It is shown that placement of a via hole fence closer than three 
times the substrate height to the transmission lines ir 
when a short via fence is used i 


increases radiation and coupling. Radiation loss and reflections are increased 

' m are3S SUSPCCted ° f haVing Wgh radiati - - Posts should not be separated by more than three 
times the substrate height for low radiation loss, coupling, and 


suppression of higher order modes in a package. 


Index Terms microstrip, stripline, coupling, crosstalk, MCM, 


microwave transmission lines 


I. Introduction 

RF and wireless package designs mns, become smaller ,o sadsiy ihe demands of die commercial and government 
nrndreis. Simultaneously. Ihe package mns, house dan, processing, biasing, and memory eireuiis in addition ,he RF circus 
,o reduce .ho oveml, sysiem size and complexity. Even more ambirious sysfems being developed by NASA indude 
microelectromechanical (MEM, gyroscopes, acUve pixel sensors, and odrer micromachined sciendric i_s wiih dre 
airead, mendoned eieeiromo circuits creare endre sysiems in a package. Whiie dre size of dre package is being reduce. and 
Urn compiexity increased, ihe cos, mus, also be reducd. To achieve ihese niopian god, many MuldChip Module (MCM, 
.echnoiogies have been preposed [1-5,, bn, Low Temperature Coiired Ceramic (LTCC) may be die ided packaging iechnoiogy. 

The mmcnal used in LTCC package has a modem,, dieieciric consiani, 4<e,< 8 . which pemurs wide, microwave 
uamumssion lines and ihus lower conduce, loss rhan cireuirs on Si, GaAs, nr Aiumina. addidon, i. has a low ioss mngenr of 
0.002 a, 10 GHz, which resnlis in low dielecdic auenuadon. LTCC packages comprise many 0.1-0. 15 mm duck ceramic layers 
wid, dansmission Unes oa each layer [2.6). Vertical inierconnecis berween rhc iayers are easily manufaciured by iaser or 


mechanical drilling the ceramic when it is in the green state. Therefore, a dense package with RF transmission lines, bias lines, 
and control lines can be manufactured. 

However, the high density of transmission lines increases the potential for coupling or crosstalk. The RF integrated 
circuits are typically mounted on the surface. Therefore, although most of the RF signal routing is done with stripline, the final 
connection to the integrated circuits requires microstrip. Microstrip transmission lines radiate at discontinuities [7], and 
microstrip and stripline couple to neighboring transmission lines [8], While couplers do make use of this coupling, radiation 
and coupling usually contribute to spurious resonances and degraded circuit performance. To help alleviate the coupling, metal 
glled via holes are often used to electrically isolate areas of the package since they are inexpensive to build using LTCC 
technology [9-11], In addition, via holes may be constructed into fences through which microstrip or stripline transmission 
lines pass [12-14], Thus, an LTCC MCM will appear as shown in Figures 1 and 2. A difficulty facing package designers 

though is a lack of design rules on the proper placement of the via posts. 

In this paper, we utilize a 3D-Finite Element Method (FEM) [15] to evaluate the use of metal filled via hole fences to 
decrease the coupling between adjacent microstrip lines and adjacent striplines. Novel shielding structures are developed that 
lower coupling between microstrip lines by 10 dB. Then, design rules are proposed to reduce radiation loss and coupling in 
LTCC packages. All of the structures analyzed are typical for standard LTCC packages and thus relevant for package 
designers, but the results are applicable to other multilayer circuit technologies such as MCM-D and MCM-L and surface 
mount technologies on FR4 and RT/Duroid microwave substrates as well. 

II. Microstrip and via hole fences 

Figure 3 illustrates a microstrip line surrounded by a fence made of metal filled via holes. All of the microstrip lines 
analyzed in this paper have a relative substrate permittivity, £,, of 5.2; a substrate thickness, h, of 0.25 mm, a strip width, W, of 
0.414 mm which results in a 50 Q characteristic impedance; and the via holes are 0.25 mm in diameter. All of these 
parameters are standard for production LTCC packages. 

Initially, the microstrip lines were characterized over the frequency range of 10 to 40 GHz with the conditions that the 
metals are perfect electrical conductors and the dielectrics are perfect insulators. Thus, any attenuation that is presented is only 
due to radiation loss. The scattering parameters do not vary by more than a few percent over this bandwidth if the distance 
between the via hole fences, 2S+W, is less than XJ2 where ^ is the wavelength in the dielectric medium and S is the distance 
between the microstrip and the via post. This condition is necessary to avoid unwanted dielectric filled rectangular waveguide 


^ ^ - Pr ° WK ta "“ * — *— «•» the S-parameters do no, va, greatly wife lre,„e„cy, fc 

characteristics are presented as a function of the geometric parameters to permit design rales to be obtained. 

The magnitude of die reran, and insenion loss. IS, ,1 and |S„| respeodvely, are plotted in Figures 4a and 4b respecdvely 
as a function of S and the distance between dm via holes. G, normalized to the substrate thickness, h. Since dm conductor and 
dielectric losses are zero, 1-|S„| -|S„P yields the radiation loss and is also shown on Figure 4a. The radiadon loss, |S„|, and 
M all degrade as Sri, decreases or Gri, increases. 1, is also seen dm, S/h>3 is reared for low anennadon and reran, lens; this 


agrees wnh the nucrastnp design rale of maintaining 3h separadon between components [16], As a basis of comparison, the 
radtauon loss, |S„|, and |Sa,| for an isolated microstrip line at 25 GHz are calculated using the FEM to be -12 dB, -35 dB, and 

^ * reSPeC “ V ' ly ' Therc6K ’ a shanges die microstrip Une characterisdc impedance and dms increases die 

reran, loss. (Throughout tins paper, the line widths are not changed to maintain 50 Ohm characterisdc impedance as the via 
fences are introduced.) More impottandy, a via fence with Srii>3 decreases the radiadon loss by approximately 3 dB. 

The calculated effeedve permittivity is determined from the guided wavelength, X. of the microstrip mode and the free 


space wavelength, V and is shown in Figure 5. Again, i, is seen that when the via fence is greater than 3h away 

from the microririp line, Srit>3, the propagation consten, of dm fence smreunded mictostrip is similar » die isolated 
microstrip. Notice da e* is lower when the via fence is near the microstrip line indicating da the elecuic fields are 
terminating on the top of the metal via poste instead of on the ground plane. Using stimdard Transverae Elecuomagnetic 


CmM) transmission line analysis, decreasing as fee mend via fence is brought closer to fee nticostiip line indicates 
increasing characteristic impedance. This is continued by fee sign of fee calculated reran, loss in dte FEM analysis. Figures 6a 
and 6b show the top view of fee magniiude of fee elecuic fields for micrastiip lines wife S/h-l and Gri, of 6 and 1.6 
respectively. Even for a vety small via post spacing of Grii-1.6 or G- V 9 where J, is fee wavelengfe of fee microsirip mode, 
there are significant fields outside of fee via fence It is these fields feat give rise to radiation attenuation. 

In all of the field plots shown in tins paper, fee amount of radiation can be roughly quantified by noting fee extent of 
light bine, green, and yellow away from the micresttip lines Dark blue is used to indicate regions wife no elecuic fields, or 
zero fields within fee accuracy of fee FEM analysis. Therefore, in Figure 6a, it is seen that fee fields are apptoximately 30 dB 
lower immediately outside fee via fence, and 60 dB lower a, S/h-6 away fiom fee suip than on fee suip itself. 

Noticing feat radiation loss decreases as fee via posts are placed closer together, fee lowest radiation loss should be 
Obtained by creating a solid metal wail. However, LTCC package manufacturing does no. permit this. An alternative approach 
proposed here is to use a metal suip to connect fee tops of eve, via post in fee fence as shown in Figure 7. The radiation loss, 
oss, and insertion loss for this new structure ,s shown m Figures 4a and 4b where it is seen that the additional strip 


provides 3 dB reduction in radiation loss and lower return loss compared to the simple via fence. Figure 8, which shows the 
electric field for the microstrip lines shown in Figures 3a and 7, illustrates that the reduction in radiation loss is due to better 
field confinement in the substrate and in the air immediately above the microstrip line. It must be noted that the connecting 
strip used in this paper is the same width as the via hole diameter. Therefore, the propagating mode is a hybrid microstrip/finite 
ground coplanar waveguide [17] mode and the surface of the substrate is still available for other interconnects and integrated 
circuits. This is different from the connecting strips used in [12] that result in CPW modes and utilizes the entire surface of the 

substrate. 

While attenuation degrades circuit efficiency, radiation also leads to coupling or crosstalk, which often leads to severe 
circuit performance degradation. Coupling between two parallel tnicrosttip lows of approximately 11.7 nun in length on 
opposite sides of a via fence as shown in Figure 9 is evaluated using the 3D-FEM. Pott 1 is excited with the tnicrosttip mode 
and the magnitude of the resulting electric field is determined at tile other pons. Figure 10a shows a top view of the electric 
field distribution for the case of S/h-3 and G/h-1 .6. Clearly visible as dark spots between the two mictosttip lines are the via 
posts. Furthetmore, the strong coupling, especially in the forward direction (S„), is easily seen. The magnitude of the electnc 
fields for the same structure as in Figure 10a but with a strip connecting the via posts is shown in Figure 10b. Lower coupling 
in both the forward and backward directions is clearly seen. A similar souctnre without a via is also evaluated. Fotward 
„.. r t.-. f„ r each of the three structures is shown in Figure 1 1. It is interesting lo note that the via fence without the connecting 
strip provides no reduction in coupling compared to two parallel microstrip lines, and in fact, the coupling is increased by 1-2 
dB over most of the frequency range. However, the addition of the connecting strip reduces the coupling by an average of 8 dB 
and a maximum of 10 dB. These obsetvations agree with the results for radiation loss of microsttip lines shown m Figure 4. 
Figure 1 1 also shows that while wide via posts spacing, large G/h, may be used below 20 GHz, a minimum via spacing of 3.2 is 
required for low coupling through 40 GHz. 

In LTCC packages, shot! via fences around areas that are suspected of having high radiation such as vertical 
interconnects and highly reflective terminations are often used 19-11). The use of these localized fences is investigated by 
,u.„^ri„nv a six-post fence with G/h-1.6 on both sides of a long microstrip line as shown in Figure 12. The magnitude of 
foe electric fields for this figure are shown in Figure 13 where foe field distufoance created by the localized via fence is sren. 
The radiation loss, |S„|, and |S»| for this structure are shown in Figure 14. As with the continuous via fence, S/h>3 is required 
for optimum characteristics. However, through comparison with Figure 4, it is seen that the radiation loss is 3-5 dB higher for 
the localized via fence while |S„| for the two cases has similar values. 


Hence, if coupling problems are snspecled in microslrip circuits, a continuous via fence connected on the top by a 
metal strip should be used. Furthermore, transmission characteristics am improved if the via holes are placed as close together 
as possible, and the via fence should be sepamted from the microstrip line by a. least three times the substrate thickness. When 
coupling does occur, it will be approximately 8 dB stronger in the forward direction compamd to the backward wave coupling. 

III. Stripline and Via Hole Fences 

Stripline surrounded by a via hole fence is illustrated in Figure 15. The ground plane separation, H, is 0.50 mm, the 
strip width is 0.19 nun, and all of the other parameters have the same value as for the raicrostrip case. Similar to the 
characterization of the microstrip lines, the stripline cases do not have a strong frequency dependence if 2S+W<V2, and this 
again permits the results to be plotted as a function of the geometric parameters and not frequency. 

Radiation loss, |S„|, and fe| as a function of S/h and G/h are plotted in Figure 16. Similar to the microstrip results, 
all three parameters degrade when the via fence is too close to the stripline, S/h<2, and the characteristics improve if the via 
posts are closer together. However, the degradation in characteristics for small S/h values is not as great for stripline compared 
to microstnp. Upon further comparison to microstrip, it is also noted that the radiation loss of stripline is approximately 5 dB 
lower than for microstrip. The field distribution of the two striplines at 25 GHz with S/h=l and G/h=5.2 and 1.3 are shown in 
Figures 17a and 17b respectively. While there are strong electromagnetic fields outside the via fence when the via posts are 

widely separated, closely spaced via posts appear to completely confine the fields. This is different then the microstrip case 
shown in Figure 6b where fields could extend over the fence through the air. 

Localized via fences of six posts on both sides of the stripline are also characterized. The characteristics of a stripline 
with G/h=1.3 as a function of S/h are shown on Figure 16. With respect to S/h, the characteristics vary in the same way as they 
do for the continuous via fence, but the radiation loss is at least 5 dB higher and |S„| is as much as 8 dB greater for the 
localized fence. Figure 18 shows the top view of the electric field distribution for the stripline at 25 GHz with S/h=l and 
G/h=1.3. The higher radiation loss and reflection is seen to be caused by a large perturbation in the electric fields that normally 
extend outwards from and parallel to the strip when the field encounters the via posts. 

Radiation from parallel striplines such as shown in Figure 19 also leads to coupling Fotward coupling, S.„ between 
two 13 mm long 50 £2 striplines separated by a via fence with S/h=l and G/h-1.3 and between two stripiines with no via fence 
is shown in Figure 20. Acress the frequency band of 10 to 40 GHz, the coupling is reduced by an average of 10 dB when a via 
fence is used. Thus, it is seen feat via fences are useful for reducing coupling between striplines, but they are not useful for 
reducing coupling between microstrip lines unless a strip connects the metal posts. 


Based on O'* results for snipline. a continuous via fence placed a. leas, 2h away from the snip reduces radiation, and 
via fences reduce coupling between parallel striplines by 10 dB. However, short via fences placed along a snipline increases 
reflections and radiation loss. Radiation loss and coupling are both reduced as the separata between via posn is reduced. 

IV. Via Fence Partitions 

As shown in Figure 1, a typical MCM is typically partitioned inn, smaller compartments to reduce coupling between 
circuits. An open ended transmission line is known ,0 radiate and therefor, * a perfect tes, circuit U> evaluate the use of via 
fences to paniuou a cavity. Figure 21 shows a schematic of two openrended sniplines that is characmrized. The sniplines are 
separated by a distance of 2S+D,=3h where D, is the via hole diameter, the dishince between open ends is 7.2 mm, and all other 
parameters are the same as described earlier. The characterization is performed over a wide frequency band so tha, the package 
supports higher order modes when no metal filled via posts are present. Initially, the circuit is characmnrad fbr the case with 
via holes . As exported, there is less than 70 dB of coupling between the two sniplines a. low frequencies, bu, when the 
frequency, f, is greater than the cutoff frequency of the TE,o rectangular waveguide mode, {,”■«, coupling increases to nearly 3 
dB as shown in Figure 22a. Figure 22b shows Urn. a single role of via posm can be eflecfive in suppressing higher order modes 
and reducing coupling above f, 1 ®™, but the via fence provides little or no reduction in coupling below ft™ 10 - For coupling below 
80 dB flom 0.7 <H t”Wl .7, G/h<4 or G<W4 is required. Note that the two striptas are not adjacent to each other here as 
thay am in Figure 19; thus. Are coupling presented in Figures 22a and 22b is strictly due to radiation from the open ended 

stripline and not due to the proximity coupling presented in earlier sections. 

Discontinuities that radiate less are found to require fewer via holes. Figure 23 shows an illuslrata of a stripline 
bending and passing through a continuous via fence from one secta of an MCM to anoiher secfion. Using the same 
parameters as for earlier cases, fire suucmre is analyzed as a firncta of frequency and G/h. Figure 24 shows fire insertion and 
reflection loss for fins smremre as a function of normalized frequency and via hole placement. Again, i, is seen fire, if no via 
posht are used or if fire via posh, are too widely spaced, fire transmission fine characterisfics are smrerely degraded above fire 
cutoff frequency of the packages TO. mode. However, if G/h<6.2. there is no degradation in the line characreristics, and 
satisfactory characterisfics are obtained for O/h-27.8. Figure 25 more clearly illusfiates fins. Note the strong TO. rectangular 

waveguide mode in Figure 25a; whereas in Figure 25b, only the strip line mode is present. 

Although an MCM package may be partitioned by using a via fence wifi, wide post spacing if fire cireuit is designed 
wifi, well behaved components, no, all circuits can avoid componmtts known to radrate such as open ** terminated srnbs. 


shot circuit terminations, and vettical interconnects. Therefore, via fences used fo, patitions should have a post spacing of less 
than4h. 


V. Conclusions 

The use of metal filled via holes in LTCC packages has been charamerired. I, has been shown that coupling between 
microsttp Urns is not reducml by a simple via fence, bn, by adding a mend ship to connect the tops of each post, the coupling 
is reduced by 8 dB. Coupling between two suiplines is reduced by 10 dB when a continuous via fence is used and is 
approximately 15 dB lower than for two micosuip lines with a via fence and connecting snip. Therefore, suipline is a bener 
transmission line for multilayer package interconnects. For both tmnstnission lines, shot via fences incenses radiation loss and 
reflections by perturbing the propagating mode. Therefore, only continuous via fences should be med. When via fences are 
used, they should be placed thiee times the substrate height apart from the strip and the posts should be placed as close together 
as possible. A maximum post spacing of three times the substrate height is recommended. 

The tesults of this paper demonstrate methods that may be used by circuit and package designers to lower coupling 

between adjacent mienstrip and stripline circuit elements. Using the via fence structures described in this paper, coupling of 22 

dB and 39 dB between parallel microstrip fines and between parallel striplines at 10 GHz has been demonstrated respectively. 

This is a reduction in coupling of 8 dB and 15 dB compared to lines widtout via fences for the microstrip and stripline 

mspeettvely. While this imptovemen, is important for many circuits, i, is no. sufficient for separating circuits in a multi-chip 

package where isolation of mom than 80 dB is oflen required. Thus, further development is requited, ptmsibly by using two 

mles of via fences parallel to each other or connecting the via fences in strip, me circuits together as was prasented here fo, the 
microstrip lines. 
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